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SECOND ARTICLE. 


—— 


Concernine the majority of invertebrates, we have a very im- 
perfect knowledge in respect of their auditory apparatus. The 
molluses are the only class the otocysts of which have been suffi- 
ciently studied to enable us to give a comparative treatment. It 
is greatly to be desired that investigations, similar to those of the 
Brothers Hertwig on medusz, should be carried out upon the 
higher radiates and the vermes. The following pages illustrate 
the extreme necessity of such investigations. 


2. Tne Crenopnors”. 


The Ctenophoree all have eight meridional rows of cilia. The 
Cestum veneris was formerly erroneously supposed to have four 
only, a mistake due to the rudimentary condition of four of the 
rows. Toward the aboral apex of the animal the eight rows unite 
to form four, which run toward the centre of the apex, each end- 
ing ina plate of cilia. Between the four plates is a bundle of 
concrements, forming a mulberry-like sphere. This sphere is cov- 
ered over by a dome, the origin and morphology of which is not 
understood. The ectoderm around the apex forms an area of 
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modified cells, including four groups of pigmented cells, contain- 
ing each a refractile body, quite different from the concrements 
in the centre. Around this area are four polar plates of ciliated 
cells. 

This apex has generally been regarded as the nervous and sen- 
sory centre of the animal, and the central sphere of concrements 
as a mass of otoliths. The last-mentioned structures were first 
noticed by Milne-Edwards,’ and later by L. Agassiz,’ who both 
considered them eye-specks, which they certainly are not. Since 
then they have been mentioned by many authors, some of whom 
have added a little, but not much, to our knowledge of them. Re- 
cently two extensive memoirs upon the nervous system of Cteno- 
phorze have appeared. The first, by Eimer,’ describes a compli- 
cated set of ganglion-cells and nerve-fibres scattered through the 
body, nowhere gathered into a ganglion, and having no special re- 
lation to the otoliths. The second, by Chun,* who found no ner- 
vous system at all, and denies the correctness of Eimer’s  state- 
ments. He advances, however, the very queer opinion that the © 
ciliated bands are the nervous system, solely on the ground that 
when a beat of the cilia is started at the apex against the sphere 
of concrements, it runs wave-like centrifugally along the band! 
Such a view, of course, cannot for a moment be seriously enter- 
tained, because a wave-like propagation of the beat is a general 
characteristic of ciliated surfaces, and certainly is no index of a 
nervous system. Chun failed to find any nervous elements, or, 
what is of especial interest to us, any sensory cells in the neighbor- 
hood of the concrements. From this review it is evident that we 
cannot assert that the concrements are part of an auditory appara- 


1 Edwards, H. Milne: Observations sur la Structure et Fonctions de quelques 
Zoophytes, Mollusques et Crustacés des Cotes de la France. Ann. Sci, Nat., XVI. 
(1841), 193-232 ( Vide pp. 205-206). 

® Agassiz, Louis: Contributions to the Natural History of N. A. Acalephe. 


Pt. II., Mem. Am. Acad., IV. (1850), 813-374 ( Vide Pl. V., figs. 9, 10). 
3 Eimer, Th.: Zoologische Studien auf Capri (I. Ueber Bera ovatus, pp. 52- 


82). 
‘Chun, Carl: Das Nervensystem und die Muskulatur der Rippenquallen. 
Abh. Lenkberg. Natforsch. Ges,, XI. (1878), 181-232, 2 Tafeln. 
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tus. At most, we can only say that, according to the observations 
of Kowalewski,’ confirmed by Chun, the concrements are devel- 
oped like true otoliths in the interior of cells of the ectoderm, af- 
terward falling out to be added by the action of the surrounding 
cilia to the sphere. I cannot but think Chun’s account of the 
apical region not entirely accurate. Indeed, the Brothers Hert- 
wig, in their paper*® on “ Actinien,” incidentally contradict his. 
views, as does also Hartmann,’ so that we may safely consider his. 
singular hypothesis in regard to the nervous system and the fune- 
tion of the concrements to have been definitely set aside. 

To conclude, we cannot tell whether the Ctenophores have an 
auditory organ or not. 


3. Tue EoutnopEerMs. 


Our knowledge of the organs of hearing of this class is con- 
fined to a single observation, of somewhat problematical character, 
upon Synapta digitata, by Baur.“ He found five pairs of closed 
vesicles upon the radial nerves, close to the oral calcareous ring. 
Each vesicle is united with the neighboring nerve by a short pedi- 
cle. The vesicles are lined by an epithelium resting upon a fibrous 
tunica propria. They have, at the time when the Synapta has: 
just completed its metamorphosis, one or several bodies in their in- 
terior, which are round, quite homogeneous, highly refractile, and 
constantly trembling, but in the fully grown animal they were not 
found. Johannes Miiller observed them in the young Synapta. 
As these vesicies contain concrements, they are possibly auditory 
sacs with otoliths. This possibility is the whole of our knowledge 
of the organ of hearing in echinoderms. 


1 Kowalewski, Anton: Entwickelungsgeschichte der Rippenquallen. Mém. 
Acad. St. Petersb. X., (1866), 4me Mém. 

? Hertwig, O. and R.: Jena Zeitschr. Natwiss., XIII. 1879. 

®’ Hartmann: Hinige Verhiltnisse in der Organisation von Pleurobrachia pileus. 
Sitzber. Natforsch. Ges. Berlin, 18 Febr., 1879. 

4 Baur, Albert: Beitrige zur Naturgeschichte der Synapta digitata. Erate 
Abh., S. 46-47. Nova Acta L—C. Akad. XXI. 1864. 


4, Tue Mo.uvscoa. 


Since the best researches assign to the rotifera and brachio- 
poda immediate relationship with the molluscs, it would be proper 
to describe their otocysts next; but, unfortunately, we can only say 
that in certain forms of both the classes above-named a vesicle or 
pair of vesicles have been observed, which a vague surmise has 
interpreted as otocysts. 

In the true mollusca there are normally a pair of otocysts, 
which arise, and usually permanently remain, near the pedal gan- 
glion, although the auditory nerve has its origin in the brain or 
supra-cesophageal ganglion. Formerly the otocysts of Lamelli- 
branchs were supposed to be innervated from the pedal ganglion ; 
but Simroth’ has shown that the nerve descends with the commis- 
sure part way to the vesicle, or, in other words, that the nerve ap- 
pears to arise from the cesophageal ring. 

The otocysts were first observed in the Cephalopods by John 
Hunter ;’ in the Heteropods and Pteropods, by Eydoux et Souleyet,’ 
in 1838, followed the next year by independent and more accurate 
investigations by Krohn ;‘ in the Lamellibranchiata, by Siebold,’ in 
1838; in the.Gasteropoda, by Siebold,’ in 1841. Since then a con- 
siderable number of authors have contributed to our knowledge 
of these organs. A list of the more important papers is given on 
p- 261, and the works themselves are referred to in the following 
pages by the Roman numerals prefixed to the titles on that list. 
It is to M. Lacaze-Duthiers that we are indebted for the very ac- 
ceptable name otocyst. 

Concerning the very first development of the auditory vesicle, 


1 Simroth : Zeitschr. f. wiss. Zool., XXV., pp. 269, 270. 1875-76. 

* Hunter’s Works, Vol. 1V., p. 294. Reprinted from Phil. Trans., p. 379. 1782. 

5 Eydoux et Souleyet: L’Institut, 1838, No. 255, p. 876 (Transl. Wiegmann’s 
Arch., 1839, II., 215, and Froriep’s N. Not., Nro. 175, p. 312). 

* Krohn: Miiller’s Arch., 335. 1839. 

5 Von Siebold: Miiller’s Arch., p. 52. 1838. 

§ Siebold, C. Th. von: Ueber das Gehérorgan der Mollusken. Wiegmann’s Arch., 
1, 148-166, Taf. VI. (This is by far the most important of all the earlier 
memoirs. ) 
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the observations are not numerous; but in a few species there is a 
small invagination of the ectoderm on the side of the foot, not far 
from the pedal ganglion, and immediately behind the primitive 
kidney (Urnzere), when that structure is present. For example, in 
Fusus it has been observed by Bobretzky (L., p. 133, Taf. XII., 
figs. 80, 81); in Furiloides by H. Fol (IX., pp. 184, 135, Pl. IL., fig. 
28, wi.); and in Loligo by Brooks (IIL, p. 9, fig. 9, e7.). The invagi- 
nation is afterward constricted around the neck, and so soon becomes 
converted into a closed vesicle. The cells which form the otocyst are 
thicker and larger than those which remain to form the epidermis. 
The differentiation of our organs begins very early, about the same 
time as the eyes, and before the histological differentiation of the 
nervous system. Gegenbaur, however, states that the ear first ap- 
pears in Limax as a solid group of cells (XIL., p. 385), which after- 
ward becomes hollowed out. There can hardly be much doubt 
that this opinion is based upon an imperfect observation. Avppli- 
cation of the general principles of embryological specializations 
justifies the provisional assumption that the otocysts are developed 
in all molluses as a pair of ectodermal invaginations. A layer of 
mesoderm early appears around the young otocyst, and forms ulti- 
mately the tunica propria, upon which the epithelium rests. The 
otoliths arise later in the epithelium (Fol), and gradually enlarge. 
They are, therefore, cellular concrements. So long as the first ap- 
pearance of these deposits were unknown, the opinion prevailed 
that they were formed by precipitation in the fluid of the vesicle. 
This view was always without much plausibility, because all mor- 
phological elements are, so far as known, always formed by the 
direct action of cells, the nearest approach to an exception being 
the deposit of substances in cell-walls, as, for instance, in the form- 
ation of shells. Shortly after the otoliths are formed, cilia appear 
in the interior of the anditive vesicle, and impart (?) a constant 
trembling motion to the ear-stones. Apparently the vesicle is filled 
with fluid from the very first; but thereabout is much uncertainty. 

The primitive form of the vesicle is approximately spherical, 
since this is its shape in all young molluscs. Its primitive size 
is so small that its epithelial wall consists of only a few, or at 
most a small number of shells, about as high as they are broad. 
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There is a single small spheroidal otolith, which in one type of ear 
remains single, but in that case enlarges greatly—sometimes enor- 
mously, while its shape remains nearly the same. In the second 
type, the otolith remains small, growing a little and generally 
changing its form, and a considerable number of otoliths are 
added, duplicating the first many times. The Lamellibranchs, 
Dentalium, and most Gasteropods have an ear preserving tolerably 
these original types. In the Heteropods we find a very great en- 
largement, and other specializations of a histological character, of 
which later. Finally, in the Cephalopods, in addition to the large 
size, occur modifications of shape (Owsjannikow und Kowalewski, 
XX., pp. 17, 18). 

In certain Gasteropods (cf. Lacaze-Duthiers, XV.) there is a 
tubular prolongation of the vesicle embraced by the nerve. Boll 
(IL., 75) from his observations thinks it possible that this canal 
may be present in all Gasteropoda. In the dibranchiate Cephalo- 
pods there is a similar canal, which was first observed by Kolliker, 
and has been named the Ductus SKollikert by Grenacher; the 
duct is the remnant of the tube, which, for a time, connects the 
vesicle with the orifice of the primitive invagination: Its embryo- 
logical significance was first indicated by Ray Lankester, and defi- 
nitely proven by Grenacher. In the Octopoda the otocyst does not 
otherwise vary greatly from the simple spheroidal form; butin the 
Decapoda, Owsjannikow and Kowalewski (XX., 17,18), basing 
their observations upon Sepia officinalis, found several projections’ 
from the wall into the interior of the vesicle, and large enough to 
be visible to the naked eye; also several recesses. Neither the pro- 
tuberances nor cavities bear the sensory cells, and their func- 
tional value cannot be guessed. In the tetrabranchiate cephalo- 
pods (Vautelus), on the other hand, in agreement with the lower 
rank of the animal, the ear has a simpler form, being merely a 
rounded sac, lying near the eye. 

The primitive position is at the side of the foot ; but in many spe- 
cies the otocysts, after they have been formed, change their places. 


10. and K. have given the glaringly inappropriate name of ampulie (!!) to 
these projections. é 
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Very frequently they move toward the median ventral line, and 
may even travel so far as to meet on the median line right below 
the pedal ganglion. This occurs in the Cephalopoda, in which the 
two otocysts are separated only by a thin partition. Again, in many 
Gasteropods, they pass forward to a position behind the eyes (cer- 
tain Heteropoda and Apneusta), or even come to lie against the 
supra-cesophageal ganglion itself (e.g., Doris, Aolis, Tergipes, ete.). 
Morphologically, the original proximity to the pedal ganglion 
has a peculiar and very profound significance, first recognized by 
Hatschek. 

Passing now to the consideration of the minute anatomy, we 
begin with the part derived from the middle germ layer, that is to 
say, the tunica propria. 

The outer layer of the vesicular wall is composed of cellular 
and fibrous elements, and is pierced by the auditory nerve, and, at 
least, sometimes is thicker opposite to than in the neighborhood 
of the nervous passage, but is always a thin layer. The cells have 
been recognized chiefly by their elongated nuclei, but in a few 
cases they have been seen as typical amceboid connective corpus- 
cles. Outside follows the ordinary connective tissue of molluses 
(zellig-blasiges Gewebe), except that the calcareous corpuscles are 
lacking around the vesicle. In the Naiade there is a third en- 
velope of a peculiar erectile tissue (Simroth, XX VIL., 271), which 
separates the true propria from the surrounding unmodified 
tissue. 

In the Cephalopoda the propria is very thin, being encased by 
a capsule formed in the head-cartilage. The cartilage presents 
the appearance characteristic in this class of animals—the cells 
having ramified bodies lying in clusters, and possessing one or 
several, often three nuclei. The proper tunic itself consists of 
merely a few fibres and remains of cells (Boll, II., 84), and con- 
tains an abundant, but fine net of capillaries. At one point it 
is thickened, forming a prominence which is termed the Bindege- 
webswuilst, and consists principally of closely crowded, star-shaped, 
anastomosing connective corpuscles. The Wuilst is covered by a 
flat epithelium like that of the otocyst-wall. . 

There can be little question that the primitive form of the 
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epithelium of the otocyst is a layer of large cubical cells, not very 
numerous, all essentially alike, and bearing very short cilia, which 
are frequently described as vibratile; to their action the majority 
of writers attribute the constant oscillation of the otoliths. That 
the cilia are vibratile I consider more than doubtful, and for the 
joggling of the small otoliths I prefer to adopt the explanation ad- 
vanced by von Siebold, and which has since been generally over- 
looked. Siebold (XXVI., 155,156) wrote: “ Noch besser glaube 
ich das eigenthiimliche Oscilliren der Gehérsteinchen mit folgen- 
dem Phinomene vergleichen zu kénnen. Bringt man ein Hiuf- 
chen groben Sand mit einem Tropfen-Wasser auf den einen Ast 
einer Stimmgabel und erschiittert man die letztere durch einen 
miissigen Schlag, so wird man die in dem Wassertropfen zerstreu- 
ten Sandkérner sich sogleich im Mittelpunkte des Tropfens sich 
vereinigen sehen, die einzelnen K6rner wiihlen und dringen sich 
unter oscillirender Bewegungen nach dem Centrum des Sandhiuf- 
chens, wobei die dusseren Korner von Haufen abgestossen und 
schnell wieder angezogen werden.” 

Accordingly, we may safely assume that the otolithic move- 
ments are the direct effects of sound-waves. 

To return to the lining epithelium, the primitive form is pre- 
served in many Lamellibranchs 
and in some Gasteropods and 
Pteropods (Fig. 7). 

Thus, in Succtnea and sey- 
eral Opisthobranchs the cells 
are colossal, with a large oval 
nucleus in their centre. A 
peculiar modification appears in 
Cyclas (Simroth, XX VIL, 274, 
275), but Simroth’s description 
and figures do not go very well 
together, nor do his figures agree 


Fria@. %.—Otocyst of Suecinea amphibia, in opti- : 
cal section, after Boll: Pr, tunica propria; Zp,lin- with one another. There are 


ing epithelium ; 0, otoliths. E . 
large cells with a comparatively 


small nucleus and a bunch of long bristles; these cells are, 
perhaps, separated by intervening small cells; in this case there 
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is a resemblance with Heteropods (wide infra). The first modi- 
fication of the epithelium we have to notice is that the cells are 
smaller, more numerous, and distinctly cubical or 
cylindrical in shape (Fig. 8). In the Waiada, 
Nervtina and other Gasteropods, in Dentalium and ALE, 
in Vautilus, there is such an epithelium, presenting, rie, 8 —anaitory 
so far as known, no differentiation of a macula ctocyst ot Neritina 
fluiratilis, after Boll. 
acustica. We cannot even guess at the actual suc- 
cession of these changes either in the phylogenetic or individual 
development, since each modification in the size and form of the 
cells reoccurs as we skip from one class to another, and embry- 
ologists have failed to note the succession of the alterations in the 
otic epithelium. 

On the other hand, there is an unmistakable advance in 
the specialization of the ear in Heteropods and the dibranchiate 
Cephalopods.’ In the former class the otocysts present a series of 
striking peculiarities, which have been very accurately elucidated, 
as naturalists have always shown a predilection for the study of 
these organs. The acoustic sac is spherical and encloses a large 
spherical otolith, Fig. 10, 1; the nerve enters at one side, its fibres 
radiating over the otocyst; opposite to the nerve is the large 
macula acustica, formed by a thick sensory epithelium; the re- 
maining and larger part of the vesicle is lined by a low epithelium, 
consisting of two very different 
kinds of cells: one small and nu- 
merous and indifferent, the other 


larger, bulging above the small cells 
and bearing a bundle of long bris- 
tles. A surface view of this part 
Fic. 9.—Epithelium of the otocyst of my ellows- in Fig. 2 ae a, 
4 to cells are star-shaped, giving off five 
or six tapering processes that end 
without entering into connection with other parts, and receiving 
each a nerve-fibre (Fig. 9, A). 


'T think it quite possible that closer observation will reveal a macula acustica 
in Nautilus, the otocysts of which are very imperfectly known. (Cf. MacDonald, 
Phil. Trans., 1855, p. 277.) 
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The protoplasm of these cells is pale, finely granular, and en- 
closes an oval nucleus with several nucleoli. Near the nucleus there 
is always found a round, dark, granular mass, the dolster, from 
which arises the bundle of bristles. In Carinaria and Pterotrachea 
coronata there are some twenty-four, in Pterotrachea mutica about 
fifteen, of these bristle-bearing cells. When at rest the bundles of 
stiff hairs or bristles recline against the wall of the vesicle, but in 
the living animals the bundles are 
suddenly erected after a few sec- 
onds’ repose; they then stand 
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straight out from the wall, press- 
ing against the otolith. The hairs 
remain stiff and straight all the 
time, and must be moved by the 
action of the cell-body in which 
they are rooted. The erection 
lasts two or three seconds, and 
then the reclining attitude is sud- 
denly resumed (Boll, II., 78, 79). 
The function of these hairs, and 


the meaning of their strange jerk- 
ings is undetermined, although 
Boll surmises that the bristle- 
cells are sensory. It seems equally 
possible that the nerve of the cell 
is motor. The macula acustica 
centres around the distal pole, and 


Fic. 10.—Otocyst of Pterotrachea, after eee : 
Claus! 1, ctocyst of P. frederici, magnified: occupies about one-sixth of the 


2, 7, 8, hearing-cells of the macula; 3, 5, cen- 4 Se 
tral cell of macula; 6, central cell and four vesicle. It 18 composed of a Cel- 


supporting-cells of the macula, : 
pia: tral cell, four supporting-cells, and 


several concentric rows of hearing-cells (Fig. 10:1). The hear- 
ing-cells have spaces between them, but no one has yet discovered 
how these spaces are occupied. I anticipate that they will be 
found to be filled by indifferent cylinder-cells separating the 
auditory cells, as in Octopus and Sepia (see below). The cen- 
tral cell is 304 high and about the same in diameter; it pro- 
duces a slight bulging of the outer membrane; on the central 
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area of its free or inner surface it carries a large number of 
Hérhaaren ; viewed from above, the nucleus is seen to lie ex- 
centrically, Fig. 10: 5 and 6; the base is prolonged into a taper- 
ing process continuous with a nervous fibrilla, Fig. 10:5. The 
characters of this cell induce me to regard it as homologous with the 
bristle-cells outside the macula. The central cell is surrounded 
by four supporting-cells, of the same diameter but less height than 
itself ;.they are fastened to the outer membrane by branching 
processes. Claus affirms that these cells carry no hairs. Ranke 
says that they do. The four supporting-cells are surrounded by 
concentric rows of /érzellen (four rows in Pterotrachea fredericii, 
six or seven in P. coronata and Carinaria). The cells themselves, 
Fig. 10: 2, 7, 8, are “ cylinder cells,” swollen in the middle; their 
bases end each in a tapering process, which bends radially away 
from the central cell and becomes continuous with a nerve-fibrilla ; 
from the circular central areas of their free surfaces arise the 
auditory hairs, passing out from the cells through pores of the enti- 
eula; the oval nucleus is placed near the base of the cell; toward 
the edge of the macula the cells gradually grow lower and smaller. 

In the dibranchiate Cephalopods the epithelium is reduced to a 
simple, flat layer, except over the oval macula acustica on the 
upper wall, and over the evista acustica, which is a ridge following 
a curving line on the lower wall. Whether the crista is merely 
the extension of the simple macula, or a distinct new structure, is 
at present impossible to decide, although Grenacher’s embryologi- 
cal observations are, if anything, favorable 
to the latter view. The ductus Hollikert 
is lined by a ciliated epithelium, the cilia 
beating toward the main cavity. 

The macula acustica of Octopus (Ge- ood atc ia 


ee +. 4 M4 ry _ itheli from y 
horplatte or Gehirscheibe) is covered by SP nenneuta weustion ct Ononrce 


a . fp macropus, after Boll: h, auditor 
high cylinder-cells Of (two kinds, one con. s, inatiforent cell; W, iaolnten 


having a diameter several times greater gisele 

than the other (Fig. 11). The small cells are most numerous 
near the edge of the disc, the centre being composed almost 
entirely of large cells; these last are stated by Owsjannikow 
and Kowalewski to be connected each with a nerve-fibrilla, and we 
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must, therefore, consider them the acoustic cells. When isolated 
(Fig. 11, /Z), they are seen to have a cylindrical form, with very 
granular protoplasm, an oval nucleus in their lower part, a fine, 
cuticular border on their free surfaces, on which rise a large num- 
ber of very short hairs; in their upper ends are several curious longi- 
tudinal streaks in the protoplasm. These streaks are not the inward 
prolongations of the cilia, being much too coarse and also less numer- 
ous. The small cells appear to be indifferent, acting only as supports. 
The macula of Sepia officinalis contains large cylinder-cells like 
those of Octopus, but the smaller cells have not yet been observed. 

The crista acustica is a ridge of sensory cells, supported on 
either side by several rows of cells, which gradually pass from 
cylinder-cells into the flat epithelinm of the 
otocyst. In Octopus the auditory cells form 
two rows (Fig. 12), each cell being about as. 
thick as broad; in Sepza there is but a single 
row, and the width or the diameter across the 
row of each cell is two or three times as great 


ofa cau sartot the ciwa a8 its breadth, as if the mutual pressure of 
preter oll: hearin the cells had flattened them. In general 

appearance the sensory crista-cells resemble 
the large cells of the muweula (Fig. 11, 2 and Z/). In Octopus. 
they can be distinctly seen to receive laterally each a nerve-fibrilla. 
(Ows. and K., X-X., 31). 

The otoliths appear either as numerous small bodies or as a 
single large one, which, of course, suggests that the large otolith is 
developed by the agglomeration of several small ones. In fact, 
certain intermediate stages actually occur, and in the large otoliths 
of Cephalopods traces of the corresponding small elements have 
been described. 

The small otoliths are found, so far as investigation has yet 
gone, in most Gasteropods, except Paludina impura, Litorina, ete., in 
all Pteropods, and in Dentalium and Nautilus. They vary greatly 
in size, number, and shape. When first formed they are round, but 
as they enlarge their outline changes. Their most usual final shape 
is that of a prolate-spheroid, or, in homelier phrase, whetstone- 
shaped (Fig. 7). Such stones are found in many Gasteropods, im 
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the Pteropods, and Scaphopods. On the other hand, they may have 
a distinctly crystalline form, which is stated to agree with that of 
arragonite. Minute descriptions of the modifications in several 
species are given by Adolf Schmidt (X XIII). The fact that of two 
species of one genus—Paludina—-one has multiple, the other a 
single large otolith, is a forcible argument in favor of the agglom- 
eration of the little to form the large ear-stones. 

The large otoliths are found in all Lamellibranchs, in a few Gas- 
teropods, and in all Heteropods and dibranchiate Cephalopods. Ex- 
cept in the Dibranchiata they do not vary greatly from a sphere in 
shape. They often have a kernel of different appearance from the 
rest of the stone. They exhibit a radial striation, and often also a 
system of concentric lines. They sometimes show a cross-shaped 
figure in their middle. Simroth attributes this appearance to the 
disposition of the organic matter in the centre. These round otoliths 
keep up a steady, but not rapid revolution around their own axes. 
The motive power has yet to be discovered. Those of the dibran- 
chiate Cephalopods are attached by unknown means to the macula 
acustica, and do not revolve. Their shape is also modified ; they are 
pyramidal, with their bases bulging and rounded; the base rests 
upon the macula. In the Decapoda the pyra- 
mid is not simple, but has a complicated form, 
well shown when it is viewed looking down 
upon it as it rests upon the macula (Fig. 18). 

The otolith is, in proportion to the size of the pis etdetnalie, utente’ Owe: 
jannikow and Kowalewski. 

vesicle, much smaller than in the other mol- 

lusca; for example: in Octopus it is only large enough to cover 

the macula acustica. 

The otocysts are always filled with fluid, which has never yet 
been investigated as to its nature. 


BIBLIOGRAPHICAL LIST OF THE PRINCIPAL PUBLICATIONS ON THE 
OTOCYSTS OF MOLLUSCS. 


I. Bobretzky, N.: Studien ueber die Embryonale Entwickelung der Gastropo- 
den. (Ohr, 133 and 141). Arch. mikros. Anat., XUI. (1876), 95-169. 
Il. Boll, Franz: Beitriige zur vergleichenden Histiologie des Molluskentypus. 
(Gehérorgan, 73-90.) Arch. mikros. Anat. (Suppl. 1869), pp. 111. 4 Tafn. 
(The best research in regard to the histology.) ; 
III. Brooks, W. K.: The Development of the Squid, Loligo pealii (Lesueur). An- 
niv. Mem., Boston 8. N. H. (1880). pp. 22, 3 Pls. 


16 


1V. Claparéde, Edouard: Anatomie und Entwickelungsgeschichte der Neritina 
fluviatilis. Miilier’s Arch. (1857), 109. 

i, & : Beitrag zur Anatomie des Cyclostoma elegans. Miiller’s Arch. 1858. 

VI. Claus, Carl: Das Gehérorgan der Heteropoden. Arch. mikros. Anat., XII. 
(1876), 102-118. Taf. X. 

: Ueber den acustischen Apparat im Gehérorgan der Heteropoden. 
Arch. mikros. Anat., XV. (1878), 341-348. Taf. XXI. 

VIII. Fol, Hermann: Sur le Développement des Ptéropodes. (Organes des Sens, 
87-91, and 147-151.) Arch. Zool. Hap’t., IV. (1875), 1-214. Pl L-X 

: Sur le Développement Larvaire et Embryonaire des Hétéropodes. 

‘(Otocystes, pp. 134, 1385.) Arch. Zool. Hxp’t., V. (1876), 105-158. Pl L- 

IV 


VII. 


IX. 


X. Frey, Heinrich: Ueber die Entwickelung der Gehérwerkzeuge der Mollus- 
ken. Arch. f. Naturges., I. (1845), 217-222. Taf. IX., figs. 1-10. 

XI, Grenacher, H.: Zur Entwickelungsgeschichte der Cephalopoden. (Ohr, 
pp. 429, 482, 437-441.) Zeit. wiss. Zool., XXIV. (1874), 419-498. Taf. 
XXXIX.-XLII. 

XII. Gegenbaur, Carl: Beitrige zur Entwickelungsgeschichte der Landgastropo- 
den. (Ohr, pp. 382 and 402.) Zeit. wiss. Zool., III. (1851), 871-411. Taf. 
X.-XII. 

XII. Jhering, H.: Die Geh6rwerkzeuge der Mollusken in ihrer Bedeutung fiir das 
natiirliche System derselben. 8vo. Erlangen, 1876. Pp. 33. 

(This paper I know only from Hofmann and Schwalbe’s Jahresbericht. ) 

XIV. Lacaze-Duthiers, Henri: Histoire de l Organization et du Développement du 
Dentale. 2me Partie. (Otocystes, 371-374.) Am. Sci. Nat. Zool., V1. 
(1856), 319-384. Pl. XI.-XIII. 

: Otoeystes, ou Capsules Auditives des Mollusques (Gastéropodes). 
Arch. Zool. Hpt., I. (1872), 97-168. Pl. IL.-VI. 

XVI. Leydig, Franz: Anatomische Bemerkungen ueber Carinaria, Firola und Am- 
phicora. Zeit. wiss, Zool., ILI. (1851), 325-382. 

XVII. : Ueber Cyclas cornea, Lam. (Gehérwerkzeuge, pp. 51-52.) Miilier’s 
Arch, (1855), 47-66. Taf. V., figs. 8-18. 

XVIII 

XIX 


XY. 


: —: Zur Anatomie und Physiologie der Lungenschnecken. (Das Ohr, 

pp. 58-61.) Arch. f. mikros, Anat. I. (1865), 43-67. 

: : Ueber das Gehérorgan der Gasteropoden. Arch. f. mikros. Anat., 
VIT. (1871), 202-219. Taf. XIX. 

XX. Owsjannikow, Ph., und Kowalewski, A.: Ueber das Centralnervensystem 
und das Gehérorgan der Cephalopoden. (Ohr, 16-20, 29-32.) Mem. Acad. 
St. Petersburg, XI. (1867), No. 8, pp. 86. Taf. I.-V. 

XXI. Rabl, Carl: Ueber die Entwickelung der Tellerschnecke. (Gehérblischen, pp. 
622, 623.) Morph. Jahrb., V. (1879), 562-660. . Taf. XXXII.-XXXVIII. 

XXII. Ranke, Johannes: Der Gehérvorgang und das Gehérorgan bei Pterotrachea. 
Zeit. wiss. Zool., XXV. (Supp!. 1875), 77-102. Taf. V. 

XXIII. Ranke, Johannes: Das acustische Organ im Ohr der Pterotrachea. (Er- 
wiederung an Claus.) Arch. mikros. Anat., XII. (1876), 565-569, 

XXIV. Schmidt, Adolf: Ueber das Gehérorgan der Mollusken. Wiegmann’s Arch. 
Natges., VIII. (1856), 8389-407. Taf. II.-IV. 

XXYV. Siebold, C. T. von: Ueber ein riithselhaftes Organ einiger Bivalven. Mii/- 
ler's Arch. (1838), 49-54. 

XXVI. : Ueber das Gehérorgan der Mollusken. Wiegmann’s Arch. (1841) 
Bd. I., 148-166. Taf. VI. 

XXVII. Simroth, Heinrich: Ueber die Sinneswerkzeuge unserer einheimischen 
Mollusken. (Das Ohr, 269-383). Zeit. wiss. Zool., XXVI. (1875-76), 227-349. 
Taf. XV.-XXI. 


a | 


